8 1.5 mg/dl, 6.4 8 3.4 ng/ml and 3.5 8 2.6 mg/dl, respectively. The Gensini scores significantly correlated in univariate analysis with gender (R = -0.379, p = 0.02), uric acid (R = 0.42, p = 0.001), pentraxin-3 (R = 0.54, p = 0.001), CRP (R = 0.29, p = 0.006) levels, eGFR (R = -0.33, p = 0.02), proteinuria (R = 0.21, p = 0.01), and presence of hypertension (R = 0.37, p = 0.001), but not with smoking status, diabetes mellitus, and lipid parameters. After adjustments for traditional cardiovascular risk factors, only uric acid (R = 0.21, p = 0.02) and pentraxin-3 (R = 0.28, p = 0.01) remained significant predictors of the Gensini score. Conclusions: SUA and pentraxin-3 levels are independent determinants of severity of CAD in patients with mild-to-moderate CKD. We recommend a clinical trial to determine whether lowering uric acid could prevent progression of CAD in patients with CKD.
min/1.73 m 2 of body surface area) [1] . Premature cardiovascular disease is the single most common cause of death in patients with end-stage renal disease, accounting for 43% of all-cause mortality [2] . The increased risk of coronary artery disease (CAD) is also observed in subjects with CKD; for example, subjects with an estimated GFR (eGFR) ! 60 ml/min have a threefold increase in cardiovascular risk [3] . This heightened risk of cardiovascular disease cannot be completely explained by the presence of traditional risk factors such as diabetes mellitus, hypertension, dyslipidemia and smoking [4] . Thus, alternative risk factors, some of which may be unique to CKD and dialysis, have been proposed to explain for this unaccounted increased risk. Proposed nontraditional risk factors include hyperhomocysteinemia, anemia, vascular calcification, volume overload, and endothelial dysfunction [5] .
One potentially important risk factor for CAD in subjects with CKD is systemic inflammation. Many patients with CKD have increased blood levels of inflammatory mediators such as the interleukins and tumor necrosis factor-␣ [6] . C-reactive protein (CRP) was found to correlate both with plaque burden and clinical outcomes [7] . Pentraxin-3 is an emerging inflammatory marker included in the same superfamily with CRP that has been found to correlate with adverse clinical outcomes in patients with CAD [8] .
Uric acid has also been reported to stimulate inflammatory responses in vascular cells [9, 10] . While controversy exists related to the exact role of uric acid in CAD, a recent meta-analysis reported an independent association between adverse cardiac outcomes and increased serum uric acid (SUA) [11] . SUA is frequently increased in CKD patients, with nearly 50% of subjects starting dialysis being hyperuricemic [12, 13] . Some studies suggest that lowering uric acid can reduce inflammatory markers such as CRP in both subjects with and without CKD [14] [15] [16] . Another study reported that subjects with CKD and hyperuricemia are more likely to suffer cardiovascular mortality [17] . More importantly, Goicoechea et al. [16] reported that the lowering of SUA with allopurinol resulted in a remarkable reduction in cardiovascular events.
We therefore evaluated the role of inflammation, specifically of pentraxin-3 and uric acid levels, in subjects with CKD who underwent coronary angiography to determine if there is a direct relationship between severity of CAD by angiographic criteria and these parameters in this specific population.
Material and Methods
The study included 216 patients with mild CKD (eGFR between 30 [18] . eGFRs were determined using the Cockcroft-Gault equation immediately prior to the angiography procedure. All patients with an eGFR between 30 and 90 ml/ min/1.73 m 2 were eligible. Exclusion criteria were: (1) eGFR 1 90 ml/min/1.73 m 2 or GFR ! 30 ml/min/1.73 m 2 ; (2) presence of coronary artery bypass graft surgery history; (3) presence of nephrotic syndrome; (4) presence of gout; (5) current use of allopurinol and other hypouricemic or uricosuric treatments, and (6) patients with severe congestive heart failure (New York Heart Association class III-IV). A total of 78 patients were excluded from the study: 43 patients had GFR 6 90 ml/min/1.73 m 2 , 11 patients had GFR ^ 30 ml/min/1.73 m 2 (4 patients were on dialysis); 9 patients had a positive history for coronary artery bypass graft surgery; 9 patients were using allopurinol; 6 patients had class IV congestive heart failure. All 138 remaining patients were included in the study. The study was approved by the Ethical Committee of theFatih University School of Medicine.
Demographic data (age, gender, comorbidities, actual treatment, smoking status, weight, height) were collected before the angiographic procedure from the individual charts in the electronic hospital database. On the morning of the procedure, after a 12-hour fasting period, blood samples were collected, stored, and analyzed by one single laboratory. Serum levels of creatinine, total cholesterol, HDL and LDL subfractions, triglycerides, CRP and SUA were determined using standard measurement techniques. The urinary protein-to-creatinine (Pr/Cr) ratios were determined from samples collected on the morning of the scheduled coronary angiography.
Pentraxin-3 concentrations were quantified using the sandwich ELISA detection system (Hycult Biotech, Uden, The Netherlands) as follows. Samples and standards are incubated in microtiter wells coated with antibodies recognizing human pentraxin-3. Biotinylated tracer antibody binds to captured human pentraxin-3. Streptavidin-peroxidase conjugate binds to the biotinylated tracer antibody, and reacts with the substrate, tetramethylbenzidine. The enzyme reaction is stopped by the addition of oxalic acid. The absorbance at 450 nm is measured with automatic ELISA reader (ELX 808; BioTek Instruments, USA). In this assay system, the correlation coefficient between the theoretical values and the actual values was 0.99, and the minimum detection level was about 0.01 ng/ml. The intra-assay standard deviation was always under 10%. The ELISA assay did not cross-react with the short pentraxins CRP and serum amyloid P.
All patients underwent standard coronary angiography assessment performed by the same cardiologist using a common technique. Two experienced physicians blinded to the study analyzed angiograms with a validated quantitative coronary angiographic system (Philips Allura Xper FD10). The extent of CAD was determined using the Gensini score, which is a measure of the extent of myocardial ischemia and is computed by assigning a se-verity score to each coronary segment according to the degree of luminal narrowing and its geographic importance [19] . Reduction in the diameter of the lumen, the roentgenographic appearance of concentric lesions, and eccentric plaques were evaluated (the corresponding Gensini scores for reductions of 25, 50, 75, 90, and 99%, and complete occlusion were 1, 2, 4, 8, 16, and 32, respectively). For each principal vascular segment, a multiplier was assigned according to the functional significance of the myocardial area supplied by this segment: left main coronary artery ! 5; proximal segment of the left anterior descending coronary artery (LAD) ! 2.5; proximal segment of the circumflex artery ! 2.5; midsegment of the LAD ! 1.5; right coronary artery distal segment of the LAD, posterolateral artery, and obtuse marginal artery ! 1, and others ! 0.5.
Statistical Analyses
Unless stated otherwise, all data are presented as mean 8 SD. Continuous variables were checked for the normal distribution assumption using the Kolmogorov-Smirnov statistics and those that did not satisfy the criteria were log-transformed to attain normal distribution. The study group was divided into two subgroups based on the median Gensini score. Significant differences between groups were assessed using Student's t test. 2 was used to test differences in frequency distributions. All potential (physiologically meaningful) determinants of the Gensini score were investigated in a univariate screening procedure, using Pearson's coefficient of correlation test. The nonparametric Spearman coefficient of correlation was used to assess correlations between variables without normal distribution. Significant determinants identified from this analysis were studied in a stepwise multiple regression model using the F statistic. All variables associated with these parameters with a level of significance ! 0.1 were included in the tested model including Framingham risk factors and emerging risk factors. Variables were forced in the model using a stepwise procedure. p ! 0.05 for the final model was considered as statistically significant. Data were analyzed using the SSPS 15.0 for Windows software (SPSS Inc., Chicago, Ill., USA).
Results
The mean serum values for SUA, pentraxin-3 and CRP in the entire study population were 5.5 8 1.5 mg/dl, 6.4 8 3.4 ng/ml and 3.5 8 2.6 mg/dl, respectively ( table 1 ). To better characterize the categorical associations of uric acid and to identify the linear correlates of uric acid and Gensini score, we first performed simple regression analyses between these variables and all variables listed in table 1 .
Patients in the category with a higher Gensini score had a higher SUA and pentraxin-3 levels (p ! 0.001), a higher prevalence of hypertension (p = 0.001) and higher usage of ACE inhibitors and statins (p = 0.004 and p = 0.002). There were no differences for age, gender, diabetes mellitus, smoking status, LDL and HDL cholesterol, eGFR, and urinary Pr/Cr ratio of patients with Gensini score above the median and those below the median ( table 1 ). To further analyze the independent contribution of uric acid to the variance of the Gensini score, we performed multiple regression models based on traditional and nontraditional risk factors impacting upon this variable. In the unadjusted analysis, uric acid and the Gensini score were positively correlated ( table 2 ). Adjustment for the full set of Framingham risk factors did not produce any change in the correlation coefficient of the association. Adjustment for emerging risk factors (pentraxin-3 and CRP) substantially reduced the regression coefficient (model 3: ␤ = 0.21; table 2 ), but did not abolish the association (p = 0.02). Further analysis showed that of the emerging risk factors added to model 3 variables, pentraxin-3 was the sole variable responsible for the attenuation of the strength of the uric acid-Gensini score association.
Discussion
The main finding of this current study was that SUA levels are independently associated with CAD severity assessed by coronary angiography in patients who had mild-to-moderate CKD. A novel inflammatory marker, pentraxin-3, was also found to be associated with severity of CAD even after adjustment for traditional CAD risk factors.
Uric acid had long been considered as a strong antioxidant [20] . However, recent experimental studies have challenged this view and have shown that uric acid behaves as a prooxidative agent, especially within the cells and under ischemic and hypoxic conditions [21] [22] [23] [24] [25] . Clinical and epidemiologic studies have also provided increasing evidence that uric acid may have a contributory causal role in a number of disease states including hypertension and kidney disease [14, 16, [26] [27] [28] .
The association of elevated SUA with development of atherosclerosis has been the matter of numerous studies to date. Cardiovascular clinical outcomes and extent of atherosclerotic plaques have been two major end points used in numerous studies in this field to date. After the early work of Allard and Goulet [29] , which refuted an association between SUA levels and angiographically proven CAD severity, a number of subsequent investigations [30] [31] [32] [33] suggested a positive independent association, while others did not [34] [35] [36] . Differences in studied populations, study protocols and methods to detect CAD (electron beam CT, coronary angiography) as well as lack of adjustment for inflammatory markers and other novel cardiovascular risk factors may in part account for discrepancies in the results of these studies. A previous meta-analysis reported by Wheeler et al. [37] did not find an independent association of SUA levels with cardiovascular end points. However, a more recent meta-analysis comprising a larger number of randomized controlled studies showed that hyperuricemia may marginally increase the risk of CAD events, independently of traditional CAD risk factors [11] . Table 2 . M ultiple regression models of the Gensini score in mild-to-moderate CKD patients Few studies have examined the relationship of uric acid with cardiovascular disease in patients with CKD. Madero et al. [17] evaluated the relationship of baseline uric acid with all-cause and cardiovascular mortality in 880 subjects from the Modification of Diet in Renal Disease (MDRD) study. Subjects had a mean eGFR of 33 ml/ min/1.73 m 2 and were followed for a median period of 10 years. Both all-cause and cardiovascular mortality were independently associated with baseline uric acid levels, with every 1-mg/dl increase of uric acid translating to 17 and 16% increase in mortality, respectively. More recently, a randomized trial was conducted in which allopurinol was administered for 2 years to 113 subjects with CKD (eGFR ! 60 ml/min/1.73 m 2 ). In this study, eGFR improved, CRP levels fell and cardiovascular events were reduced in the allopurinol arm [16] .
This current study provides additional evidence for a relationship of uric acid with coronary angiographic evidence for CAD in a CKD population. This is important, as cardiovascular death in CKD may represent electrolyte-induced arrhythmias or other causes besides CAD. If uric acid does have a causal role in CAD, it might be by its ability to stimulate the production of oxidized lipids [22] or stimulate inflammation [10, 38] . Uric acid released from injured cells constitutes a major endogenous danger signal that activates the NALP3 inflammasome, which is important in inflammatory lung injury, leading to IL-1 ␤ production [39] . Kono et al. [40] also confirmed the role of uric acid as a proinflammatory molecule released from dying cells. Uric acid can also activate MAP kinases as well as nuclear transcription factors associated with the inflammatory response in a variety of cell types [10, 25, 38, 41] . Uric acid has also been demonstrated in atherosclerotic plaque [42] . Uric acid is also known to induce small vessel disease in the kidney [43] . The observation that a high uric acid is associated with low coronary blood flow [44] , and that a low uric acid is associated with greater coronary flow reserve and hyperemic mean flow velocity in normal subjects, would also be consistent with this possibility [45] . Thus, uric acid may be a harbinger of smoldering inflammation in patients with ischemia or reduced eGFR, and is also independently associated with CAD in the CKD population.
Despite a well-established role in risk stratification in CAD, few studies incorporated inflammatory markers when evaluating association of SUA and CAD burden. Kocaman et al. [32] demonstrated that the number of blood neutrophils and monocytes were independently related with SUA. In the Bezafibrate Infarction Prevention study [46] , the combined assessment of SUA and CRP levels provided incremental information for risk stratification of patients with CAD more than each parameter offered alone.
Pentraxin-3 is the prototypic long pentraxin. Both resident and innate immunity cells produce pentraxin-3 in peripheral tissues in response to inflammatory signals and Toll-like receptor activation [47] . Pentraxin-3 is secreted at the site of tissue injury, in contrast to CRP which is secreted by the liver, the vasculature, and by mononuclear cells, and therefore may represent a better measure of the extent of local injury than CRP. In a cohort of 748 patients with ST elevation myocardial infarction, pentraxin-3, measured within the first day from the onset of symptoms along with established markers including CRP, NT-proBNP and troponin T, emerged as the only independent predictor of 3-month mortality [8] . Rolph et al. [48] also showed that advanced atherosclerotic plaques produced pentraxin-3. This group speculated that increased levels of pentraxin-3 in subjects with cardiovascular disease could reflect a protective physiologic response that correlates with the severity of the disease.
Persistent inflammation and oxidative stress start early in the process of CKD [49] . Numerous studies have shown that elevated CRP predicts all-cause and cardiovascular mortality in CKD patients [50] . Pentraxin-3 levels are increased in patients with CKD when compared to healthy controls [51] . Plasma pentraxin-3 levels were also found to be increased in stage 3-4 and stage 5 CKD patients and were associated with the presence of cardiovascular disease and all-cause mortality [52] .
Our results demonstrated an association of serum CRP levels with Gensini scores. However, in contrast to pentraxin-3, the association of CRP with Gensini scores disappeared after controlling for traditional cardiovascular risk factors. This suggests that pentraxin-3 may be superior to CRP as an independent predictor of underlying atherosclerosis in subjects with CKD.
This study has several limitations. First, our study was cross-sectional and therefore conclusions regarding causality are not possible. Second, pentraxin-3, CRP and uric acid were measured only once during the course of the study. The levels of these molecules may change over time in a given person. Thus, it would be more appropriate to evaluate a number of measurements over a given time course. Despite these limitations, our study has strengths as well; we had a sufficient number of patients, and quantified severity of the atherosclerosis with the current gold standard, coronary angiography.
In conclusion, increased SUA and pentraxin-3 levels are independent determinants of the severity of CAD assessed invasively in patients with mild CKD. These studies raise the possibility that pentraxin-3 and uric acid may represent important nontraditional risk factors for CAD in the patient with CKD. Large trials aimed at lowering SUA and pentraxin-3 levels should be performed to determine if such treatments slow or halt the progression of atherosclerosis.
